The inability to suppress irrelevant information has been suggested as a primary cause of proactive interference (PI), and this deficit may be enhanced in aging. The current study examines age differences and temporal boundaries of PI, by manipulating lure distances in a verbal 2-back working memory task. Both younger and older adults showed effects of interference for proximal 3-and 4-back lures, and this effect was greater for older adults. Whereas younger adults showed less interference during 4-back compared to 3-back lures, in both reaction times and accuracy, older adults improved only in accuracy. For distant lures, when the time between the 1st presentation of an item to its reappearance as a lure item was longer (e.g., 5-to 10-back lures), younger adults were no longer affected by PI. However, older adults were affected by PI throughout all distant lures, up to the most distant lure (9-/10-back). The results suggest that older adults were less successful in resolving interference from both proximal and distant familiar lures. Further, younger adults were able to overcome the effects of PI completely after a specific lure distance. The age differences in temporal properties of PI may therefore highlight a unique component linked to impaired interference control and aging.
Working memory (WM) enables a limited amount of information to be briefly held and manipulated in mind (Baddeley, 1992) , and interference control seems to be an important element characterizing proficient WM functioning (Bunting, 2006; Dempster & Corkill, 1999; Lustig, May, & Hasher, 2001; May, Hasher, & Kane, 1999) . In WM, old and no longer relevant information can interfere with newly acquired information, giving rise to proactive interference (PI; Hasher & Zacks, 1988; Jonides & Nee, 2006) . Cognitive processes may regulate selection of information in WM by either blocking activation of presently irrelevant information or suppressing once relevant but currently irrelevant information. Such operations allow relevant information to enter WM and enables a person to overcome or restrain responses triggered by unreliable familiarity cues (Hasher, Zacks, & May, 1999) . There is data suggesting that a poor ability to suppress goal-irrelevant information is a primary cause of PI in cognitive tasks (Altmann & Gray, 2002; Berman, Jonides, & Lewis, 2009; Keppel & Underwood, 1962; Oberauer & Lewandowsky, 2013; Underwood, 1957) .
The inhibitory-deficit theory, proposed by Hasher and Zacks (1988) , postulates that the ability to resist PI is impaired in old age and that this deficit contributes to age-related impairment in multiple cognitive domains, including WM (Hasher, Lustig, & Zacks, 2008; Stoltzfus, Hasher, & Zacks, 1996) . Thus, WM deficits in aging may reflect a diminished ability to control interfering information (Babcock & Salthouse, 1990; Bopp & Verhaeghen, 2007; Nyberg, Lövdén, Riklund, Lindenberger, & Bäckman, 2012; Park et al., 2002) . Although there is evidence for older adults' greater susceptibility to interference, age differences in tasks assessing inhibition and interference control have not been consistently confirmed (Spieler, Balota, & Faust, 1996; Verhaeghen, 2011; Verhaeghen & De Meersman, 1998) . Such inconsistencies in the literature may be whether conflict already is within the focus of attention (see Lustig & Jantz, 2015) . Focus of attention refers to the limited number of representations (4 Ϯ 1 items) that an individual is aware of at a given moment (Cowan, 2001) . That is, interfering stimuli currently within the attentional focus in WM tasks seem to tax interference control processes to a lesser degree than do stimuli that are retrieved into the focus of attention from memory (Lustig & Jantz, 2015) . Moreover, WM also requires updating and efficient binding and unbinding of items to their specific contexts (e.g., Oberauer, Suß, Wilhelm, & Sander, 2007) . The idea is that a continuous updating of items in WM could prevent strong binding between an item and the corresponding context, allowing each binding to become relatively weak and susceptible to PI (Szmalec, Demanet, Vandierendonck, & Verbruggen, 2009; Szmalec, Verbruggen, Vandierendonck, & Kemps, 2011; Szmalec & Vandierendonck, 2007) .
Moreover, a strong reliance on item familiarity may enhance interference in WM. Familiarity and recollection are considered two distinct and independent processes involved in the recognition of previously encountered material (Yonelinas, 2002) . Familiarity is perceived as an automatic and implicit type of recognition based on a sense of "knowing" that a stimulus has previously been encountered, despite the lack of retrieval of contextual details associated with the encoding episode. Recollection, on the other hand, is defined as a controlled and elaborate type of recognition that is accompanied by the retrieval of contextual details associated with the encoding episode. Whereas familiarity is often well preserved in old age, recollection is markedly impaired (Koen & Yonelinas, 2016; Yonelinas & Levy, 2002) . Magnified interference effects in older adults may therefore be due to impaired recollection, with older adults relying more on familiarity-driven processes in making recognition judgments. This reliance on familiarity-driven processes has been described in the conflictmonitoring hypothesis (Botvinick, Braver, Barch, Carter, & Cohen, 2001; Szmalec et al., 2011) as a monitoring unit that detects conflict. A similar idea has been described as a restraint function , that is, an inhibitory function that restrains or suppresses interference from strong familiar cues. Typically, the conflict-monitoring system may work as a supervisor that resolves conflicts between familiarity and recollection by prioritizing recollection over familiarity, protecting WM against interference during updating (Szmalec et al., 2011) .
Much discussion has also been devoted to the underlying mechanisms of storage limitations in WM. One view holds that representations in WM are subject to passive decay, resulting in temporal storage of a limited number of items (Baddeley, 2000; Barrouillet, Bernardin, & Camos, 2004; Barrouillet, Bernardin, Portrat, Vergauwe, & Camos, 2007; Oberauer & Lewandowsky, 2011; Page & Norris, 1998) . However, recent evidence has indicated that WM representations do not in fact decay (Berman et al., 2009; Lewandowsky & Oberauer, 2015; Oberauer & Lewandowsky, 2013 ) but instead undergo an active removal process (De Beni & Palladino, 2004; Hasher et al., 1999) . Goal-irrelevant representations that remain in WM for older adults and cause subsequent interference may, therefore, be unrelated to a passive decay; rather, interference may stem from a faulty active process involved in removal of item-context bindings or no longer relevant information from WM.
The extent to which different temporal contexts (i.e., whether a lure was presented proximally or more distantly) influences the level of interference and how these effects may differ between younger and older adults remain largely unknown. In this study, we sought to determine the difference between younger and older adults concerning interfering effects of familiar information, using a WM updating task. We also examined age differences in the boundary conditions for interference (extent and range). Several hypotheses can be tested by manipulating the temporal dynamics of interference in WM. First, we hypothesized that the familiarity of an item that has become goal-irrelevant would decrease with time and eventually lose its interfering effects, either progressively with distance-time or abruptly after a specific temporal point. We also hypothesized that older adults, compared to younger adults, would show a greater interference effect for lure trials further away from the focus of attention.
A few previous studies have examined temporal properties of interference in WM. In an attempt to assess decay in working memory in younger adults, Campoy (2012) used a recent-probe item-recognition task, demonstrating that PI dissipated rather quickly, with interference effects decreasing rapidly from 1.6 s to 3.8 s. Using a similar task, Berman and colleagues (2009) found that effects of PI did not continue to decay after 3.8 s had passed but were rather stable, exerting negative effects until at least 19 s. To our knowledge, only two studies have examined age differences and the temporal properties of PI. First, Schmiedek, Li, and Lindenberger (2009) used a spatial 2-back task and found no age differences in PI for any lure presented after 3-back lures (approximately 3 s past the 2-back goal position). The temporal properties of PI for each group separately was investigated in another study, using a verbal 2-back task. McCabe and Hartman (2008) showed that interference effects were separately found in both younger and older adults lasting up to a maximally measured distance of 6-back lures (approximately 9 s past the 2-back goal position). It is still unclear, however, whether age differences in the durationtemporal properties of PI within working memory extend beyond short-term intervals and whether the temporal properties of PI clearly differ between the age groups. We believe that measuring the temporal properties of PI within and between groups in a controlled manner may add to current knowledge on the mechanisms and levels of expression behind interference-related deficits in aging.
In light of these findings, we used a 2-back WM updating task to investigate boundary conditions for the effects of aging on interference control. N-back is a widely used WM task in which interference can be induced by including familiar, but goalirrelevant, lure items (Gray, Chabris, & Braver, 2003; Jonides & Nee, 2006; Kane, Conway, Miura, & Colflesh, 2007; Marklund & Persson, 2012; McCabe & Hartman, 2008; McElree, 2001; Oberauer, 2005) . For each item presented in a continuous N-back sequence, participants had to decide whether it matched the item presented two items back. Interference arises when a reoccurring item is displayed on a position other than n ϭ 2. It is assumed that executive control processes are required to resolve interference from these lure trials, making them more difficult to answer quickly and accurately compared to nonlures (Gray et al., 2003; Jonides & Nee, 2006; Kane et al., 2007; McElree, 2001; Oberauer, 2005) . It is important to note that and in contrast to other studies, we use unique stimuli, seen either once or twice prior. The idea with nonrepeated stimuli is to avoid potential buildup of familiarity from having seen the same stimuli multiple times during the task. Our study also includes an extended range of lures, both in distance (from 3-to 10-back) and time (from 5 s to 40 s) compared to past studies. This allows for a much wider window than previously to be able to capture the duration of PI for respective age group.
Method Participants
Fifty-four younger adults (18 -31 years of age) and Fifty-nine older adults (65-80) were recruited from the Stockholm area in Sweden, through flyers, local newspaper ads, and web pages. Three older participants were excluded postrecruitment due to neurological disorders (dyslexia, stroke, and transient ischemic attack). Four participants (two younger and two older) were excluded due to outlier performance scores (i.e., 3 SDs from mean hits minus false alarms), calculated separately for each age group. Another younger adult was excluded for having 90.2% missing trials. All participants were native Swedish speakers and had normal or corrected to normal vision. Demographic information is provided in Table 1 . None of the remaining participants were diagnosed with cognitive impairments or had a history of neurological disease. All older adults scored 26 or above on the MiniMental Status Examination (Folstein, Folstein, & McHugh, 1975 ). This document is copyrighted by the American Psychological Association or one of its allied publishers.
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All participants gave informed consent, and the study was approved by the Regional Ethical Review Board in Stockholm. Participants received two movie tickets for their participation.
Procedure
Participants performed a verbal 2-back task with familiar items (lures) reoccurring with either a close (proximal lures) or more distant (distant lures) temporal distance to the initial target (see Table 2 and Figure 1 ). The inclusion of both distant and proximal lures allowed for a more detailed investigation of the temporal boundaries of PI. For each of the four conditions included in the task, the corresponding proportion of the total amount of trials (160) 10% prior targets and 10% prior proximal lures). One of the distant lures was incorrectly displayed at a target position (2 back) and removed from the analysis, lowering the real total distant lure trials to 31 (see Table 2 for additional details regarding trial condition distribution). The task was presented on a 15.4-in. laptop computer screen (Compaq nx 7300). E-Prime (2012) was used for stimulus presentation. Stimuli were presented in white (Courier new font, font size 36 points) against a black background. All words were either one-or two-syllable common Swedish nouns.
Each participant was tested individually. First, participants received instructions and performed a 10-trial practice block of the experimental task. The practice trials were repeated until participants verbally confirmed that they understood the task. The practice block was followed by the experimental task, which consisted of two blocks, each including 80 words. The words and conditions were presented in a fixed order for all participants, whereas the order itself was generated in a pseudorandom manner. Words were presented one at a time for 2.5 s, and the intertrial interval was 2.5 s, during which a fixation cross was presented. A short pause of 11 s separated the two blocks. After completing the two blocks, participants continued with further tasks that are not included in this article. Both blocks were combined in all analyses. Prior to testing, participants were instructed to respond as soon as they knew the answer for each word presented on the screen: yes if the word currently shown was also presented two words back or no if the word was not presented two words earlier. Participants made responses manually by pressing on the key Ä on a standard Swedish keyboard with their right index finger for a yes response and on the key ' with their right middle finger for a no response. Participants were also instructed not to rehearse the items with their voice during the task.
Data and Outlier Analysis
We used a discrimination index that consisted of the proportion of incorrectly answered no trials (false alarms) subtracted from the proportion of correct yes trials (hits; Snodgrass & Corwin, 1988) . Interference scores were calculated as the relative difference in reaction time (RT) (in %) between nonfamiliar (new) negative trials and familiar trials for each lure pair condition. Thus, a positive interference score reflects the proportional increase in RTs from nonfamiliar trials, which contains no deliberate interference, to familiar lures. Because aging is associated with a general decrease in process- Note. Italic font indicates current trial. Ellipses represent an indefinite number of words between 1 to 6. Dashes represent a repeated word structure. One trial is excluded from this list for not fitting into any of the above displayed trial types. This document is copyrighted by the American Psychological Association or one of its allied publishers.
ing speed (e.g., Salthouse, 1996) , we reasoned that a relative difference in RTs would more accurately capture interference in the two groups. The temporal dynamics of interference were, in addition to referring to a trial with respect to its placement in relation to the 2-back target, also indicated by the time (in seconds) that passed since the word became goal-irrelevant. That is, the time that lapsed from the position where a stimulus should have lost its relevance, which could range from 5 s (3-back lure) to a maximum of 40 s (10-back lure). Moreover, due to the low number of distant lure trials for each temporal distance, we pooled the data into three lure pairs that included 5-/6-back lures, 7-/8-back lures, and 9-/10-back lures. Distant 3-and 4-back lures were excluded from the analysis due to a low number of trials. The first two words in each block were not included in the analysis, because they are highly predictive. Five more trials were removed from the analysis, two due to programming error (a target trial, and a distant lure 4-back trial) and another three trials due to an incorrectly inserted word (a nonfamiliar trial, a target trial, and a distant lure 9-back trial). RTs below 150 ms were also removed from the analysis. Only correct responses were included in the RT analysis. Omissions were not included in the Accuracy calculations. Data were analyzed with SPSS statistics, Version 20.0. Partial eta-squared was calculated as a measure of effect size. An alpha level of .01 was used to determine statistical significance.
Results

Lower Overall Performance in Older Adults Is Driven by Both Target and Interference Trials
To investigate the impact of interference on overall performance, we compared the hits minus false alarm scores for each group (younger adults: M ϭ 92.1, SD ϭ 6.6; older adults: M ϭ 77.0, SD ϭ 13.6). We found that older adults performed significantly worse compared to younger adults (see Table 3 ), F(1, 102) ϭ 50.92, p Ͻ .01, p 2 ϭ .33. Despite the difference, older adults were still performing well above chance. Follow-up analysis separating hits and false alarms were performed to examine whether age difference was driven by a lower number of hits, a higher number of false alarms, or both, in older compared to younger adults. There was a significant difference in the proportion hits when comparing younger adults (M ϭ 95.7, SD ϭ 5.0) with older adults (M ϭ 88.4, SD ϭ 10.3), F(1, 102) ϭ 19.70, p Ͻ .01, p 2 ϭ .16, and older adults also had a higher proportion of false alarms compared to younger adults (see Table 3 ; younger adults: M ϭ 3.6, SD ϭ 2.8; older adults: M ϭ 11.3, SD ϭ 7.3), F(1, 102) ϭ 53.61, p Ͻ .01, p 2 ϭ .35. The false alarm score was further not driven by the nonfamiliar trials, because both age groups performed similarly for these trials (see Table 3 ; younger adults: M ϭ 99.7, SD ϭ .7; older adults: M ϭ 99.6, SD ϭ .8), F(1, 102) ϭ .67, p ϭ .5, showing that older adults' worsened performance was Figure 1 . An overview of all trial conditions in a modified 2-back task. The task involves participants being presented with words and fixation crosses successively in a continuous manner. Each word has to be answered either yes or no if it corresponds to the word presented two words earlier (2-back position; Target). There were four conditions in total: nonfamiliar item (first trial), target trial, proximal lure, and distant lure. The temporal position of each condition is illustrated in the figure, beginning the count from top to bottom, the top being the first trial in order. Target trials are the only trials where a participant is instructed to press yes (2-back position); nonfamiliar trials and lure trials are no trials. Accuracy and Reaction Times are extracted from each answer as measures of performance. Interference is measured as the difference between nonfamiliar trials and lure trials. This document is copyrighted by the American Psychological Association or one of its allied publishers.
driven by stimulus familiarity. In fact, older adults performed worse for both yes (target) trials and no (lure) trials independently. This alludes to the fact that the task was more difficult for older adults for both target and interference trials. Moreover younger and older adults were performing the task as intended, with no evident response bias for positive or negative trials.
Age Differences in Interference From Proximal Lure Trials for Both Relative RTs and Accuracy
Reaction times. First, using repeated-measures analyses of variance (ANOVAs) for each age group confirmed that RTs for both proximal 3-back and 4-back lure trials were statistically different from RTs for nonfamiliar lure trials (see Table 4 difference between 3-back and 4-back proximal lures was greater for younger adults than for older adults. ANOVAs for each age group separately revealed that, for younger adults, the interference score was lower for proximal lures 4-back compared to 3-back, F(1, 50) ϭ 21.63, p Ͻ .01, p 2 ϭ .30, whereas older adults showed no such difference, F(1, 52) ϭ 2.14, p ϭ .15, p 2 ϭ .04. This pattern suggests that, for older adults, the interference effect did not change when the temporal proximity increased (i.e., 3-back ϭ 4-back), whereas younger adults became less affected by interference (i.e., 3-back Ͼ 4-back).
Accuracy. First, ANOVAs for each age group confirmed that accuracy for both proximal 3-back-and 4-back lure trials were different from that of nonfamiliar lure trials: younger adults: Older adults were less accurate than were younger adults. Across age groups, accuracy for 3-back lures was lower compared to 4-back lures. The Age ϫ Condition interaction showed that older adults were more accurate than were younger adults when responding to 4-back lures compared to 3-back lures. However, follow-up analyses showed that for both younger and older adults separately, interference in terms of accuracy was lower for 4-back lures compared to 3-back lures (see Table 3 
Distant Lures Generate Longer RTs and Lower Accuracy in Older Adults but Not in Younger Adults
Reaction time. We investigated age differences in the temporal boundary conditions of PI using a 2 (age group: younger vs. older adults) ϫ 3 (distant lure pairs: 5-/6-back vs. 7-/8-back vs. 9-/10-back) ANOVA. Figure 2) . It should be noted, however, that because younger adults showed only marginal effects of interference across distant lure conditions (see Table 4 and Figure 2) , there was little room for an already very low rate of interference (nonsignificant) to decrease over time. For older adults, on the other hand, there was a decrease in interference with increasing lure distance, F(2, 104) ϭ 5.2, p Ͻ .01, p 2 ϭ .09, indicating that older adults were less affected by interference from more distant lures. Corresponding follow-up analyses in older adults showed differences in RTs between all distant lures and nonfamiliar trials (all ps Ͻ .01; see Table 4 ). These observations demonstrate that there was no significant age difference in how interference changed as a function of lure probe distance. Indeed, older adults were still highly affected by interference from all lure trial distances, even those presented as far back as nine and 10 trials earlier (35-40 s), whereas younger adults were affected by only the proximal lure trials (up to 10 s). Figure 2 . Absolute mean reaction times (RTs) and accuracy for lure trials in the 2-back task, portrayed as a line for each age group: younger adults and older adults. The dotted lines represent mean RT or accuracy for nonfamiliar trials throughout the entire task as a no-interference baseline. The difference between these two lines reflects the interference effect. The x-axis represents each lure trial's temporal distance: proximal lures ϭ 3-back and 4-back; distant lures ϭ 5-/6-back, 7-/8-back, and 9-/10-back. See the online article for the color version of this figure. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Accuracy.
A 2 (age group: younger vs. older adults) ϫ 3 (distant lure pair: 5-/6-back vs. 7-/8-back vs. 9-/10-back) ANOVA on the accuracy data showed main effects of distant lure pair, F(2, 204) ϭ 9.52, p Ͻ .01, p 2 ϭ .09, and age, F(2, 204) ϭ 17.22, p Ͻ .01, p 2 ϭ .14, as well as a significant Age ϫ Lure Pair interaction, F(2, 204) ϭ 4.52, p ϭ .01, p 2 ϭ .04. Overall, older adults performed more poorly than did younger adults. Similar to the case with the RT data, the PI effect from lures decreased as the time between the first item and its reappearance as a familiar lure trial increased. Younger adults did not show interference effects for any of the distant lure trials (all ps Ͼ .01; see Table 4 ). By contrast, older adults showed interference effects on accuracy for all distant lure pairs (all ps Ͻ .01; see Table 4 ). The effects of interference remained, despite older adults' being less affected by PI in regard to increasing lure probe distance, even for the furthest measured lure distance (9-/10-back). Furthermore, unlike the case with the RT data, the reduction of interference was more pronounced in older compared to younger adults, as indicated by the significant Age ϫ Lure Probe Distance interaction.
Additional Response-Based Conflict Does Not Lead to Greater Interference for Distant Lures
Distant lures differed from proximal lures because they were presented twice before they reappeared as familiar lures. Also, distant lures were words recycled from either prior targets (i.e., yes trials) or proximal lures (i.e., no trials). One possibility is that lures that previously were targets could induce more PI by inducing a response-based conflict in addition to familiarity-based interference. Therefore, we examined whether interference scores differed depending on prior item response type (target yes trial vs. lure no trial), using a 2 (age group: younger vs. older adults) ϫ 2 (prior response: prior target trials vs. prior proximal lure trials) ANOVA. This analysis showed a main effect of age, F(1, 102) ϭ 42.67, p Ͻ .01, p 2 ϭ .30, but no effect of prior response, F(1, 102) ϭ 2.62, p ϭ .11, p 2 ϭ .03, and no interaction effect, F(1, 102) ϭ .42, p ϭ .52, p 2 Ͻ .01. Thus, prior response context does not seem to have influenced the degree of interference associated with subsequent familiar lures.
A Facilitation Effect for Target Trials Was Observed in Only Younger Adults
We also investigated whether an age differential facilitation could explain the difference in interference between age groups (see Schmiedek et al., 2009 ). This notion is based on the idea that interference can be explained by a higher reliance on familiaritydriven processes. Such familiarity-based facilitation is suggested to be estimated as the difference in performance between target trials and nonfamiliar trials (i.e., quicker responses to target compared to negative nonfamiliar trials). First, each age group was investigated separately, with younger adults showing quicker RTs on target trials than on nonfamiliar trials, F(1, 50) ϭ 21.11, p Ͻ .01, p 2 ϭ .30, and older adults showing no difference between the two trial types, F(1, 52) ϭ .72, p ϭ .40, p 2 ϭ .01. Thus, we found no evident facilitation effect for older adults. Second, a 2 (trial type: target vs. nonfamiliar) ϫ 2 (age group: younger vs. older adults) ANOVA showed that younger adults were significantly faster in their responses to target compared to nonfamiliar trials than were older adults, as indicated by the significant Trial Type ϫ Age interaction, F(1, 102) ϭ 9.62, p Ͻ .01, p 2 ϭ .09. Our results are therefore not in line with the previous observation of facilitation and further indicate that age differences in the temporal properties of proactive interference cannot be explained by facilitation of target item processing.
Discussion
The present study used a novel approach to examine the boundary conditions of proactive interference (PI) in younger and older adults. The effects of interference were manifested as increased reaction time (RT) and reduced accuracy, when compared to nonfamiliar items. Not surprisingly, the present study shows that older adults performed worse in general compared to younger adults for both proximal and distant lures, as indicated by larger interference scores (RT) and lower accuracies. This supports the hypothesis of an interference controlrelated deficit in aging. The PI effects for younger adults decreased as the time between the first item presentation and its reappearance as a lure increased. By contrast, older adults continued to show interference effects, even for the most distant lures. These results indicate that younger adults improve enough to overcome PI within a specific temporal window. However, this was not completely true for older adults, at least not for the temporal span measured here. Next we discuss these findings in relation to current theories on conflict resolution and aging.
For proximal lure trials, we found an improvement in both accuracy and RTs from proximal 3-to 4-back lures for younger adults. This is partly consistent with past work showing reduced interference, from 3-back to 4-back lure trials using a letter-based N-back task (McCabe & Hartman, 2008) . Although RT performance did not reveal any difference between 3-and 4-back lures for older adults, they interestingly improved from 55.5% (3-back) to 75.4% (4-back) in accuracy, and this was not related to speed-accuracy trade-offs. There is a clear improvement in proximal lure accuracy for older adults, but that gain in accuracy seems to demand the same amount of time to solve as a more difficult (3-back) proximal lure trial. This improvement in accuracy, that is, being less affected by interference, for older adults for 4-back compared to 3-back lures is also in line with previous findings (McCabe & Hartman, 2008) .
The current results further show that for both younger and older adults, interference was evident up until 10 s (4-back) past the 2-back position, suggesting the presence of residual item familiarity along with deficient context information for items retrieved into the focus of attention. For older adults, however, familiarity of an item resulted in an overall greater effect of interference, and this effect was rather long-lived (9-/10-back; 35-40 s past goal relevancy), surpassing that of younger adults with 30 s. Using shorter time intervals between trials and repeating stimuli, McCabe and Hartman (2008) demonstrated that residual interference for both age groups was present for 6-back, or 9 s past goal relevancy. In addition, Schmiedek and colleagues (2009) showed interference to end after 4-back lures for older adults. By increasing the temporal distance for lure presentations and adjusting each lure to be unique, we extend these previous findings by showing that in younger adults, the temporal properties of PI could be captured. We also extend previous findings by showing that older adults are affected by PI far beyond the goal-relevant distance of 2-back. In short, for younger adults when the lure positions were distant (all distant lures) in our paradigm, item and context information were no longer affecting performance significantly and This document is copyrighted by the American Psychological Association or one of its allied publishers.
the lure item was no longer a source of interference in working memory (WM). In contrast, for measures of both RTs and accuracy, older adults continued to show interference effects up to 40 s (9-/10-back). Distant lures beyond 9-/10-back lures would have been needed to capture the boundary condition for interference control in older adults. Together, this indicates that older adults do not lose information held in WM at a faster rate than do younger adults. In addition, we were able to capture the temporal boundary conditions for interference in younger adults. Although older adults showed small but robust reductions in interference with increasing lure distance, interference was still affecting performance at the most distant lures. Thus, impairments in interference control processes with increasing age may affect not only overall performance but also the duration of which interference is prominent. It is also important to note that there is a marked difference in the number of trials and number of repetitions for the proximal and distant lure conditions. We believe that by pooling distant lure trials, the number of trials that went into each lure distance resulted in adequate power to reliably estimate interference along the temporal dimension. All in all, several elements that separate proximal lures from distant lures from a statistical point of view were enough of a justification for us to separate these two trial types in the analysis. Nevertheless, the interplay between these two trial types should not be underestimated, mainly due to the nonerratic and almost interchangeable behavior of both accuracy and RT data over lure distance for both age groups independently. One process that might underlie age differences in interference could be linked to the association-binding between an item and a context. Across participants, responses to familiar items were slower and less accurate compared to nonfamiliar items, which could stem from a deficit in binding new item information to a specific context (Hedden & Park, 2003; Oberauer, 2005) . These associative-like memory issues are evident in old age (Chalfonte & Johnson, 1996; Naveh-Benjamin, 2000) . For each item presented in a task, it is important that a correct binding between an item and its context be established. If encoding fails, there is obviously no way to recollect the information accurately later. Encoding may therefore be an explanation for increased PI with age. However, when an item is no longer goal-relevant, the item-context binding needs to be removed to avoid the buildup of interference. The observed age effects for lures retrieved into the focus of attention could indicate that older adults are less efficient in unbinding no longer relevant item-context associations . Unsuccessful unbinding of item-context associations may make it more difficult to successfully distinguish between familiar items and their corresponding context. This may account for why older adults showed interference effects on overall performance, both accuracy and RTs, for the most distant lures. Increased distance between the initial presentation of an item and its reappearance as a lure could lead to a buildup of items with incorrect, or goalirrelevant, contextual information, which in turn increases PI during WM recollection. In another 2-back task measuring lure distance performance, the ability to disengage from outdated information is explained as the primary source of differences between participants with high-compared to low fluid intelligence. (Shipstead, Harrison, & Engle, 2016) . Known age-related declines in fluid intelligence (e.g. Kaufman & Horn, 1996) might therefore partly explain our results. However, this suggested link could not be tested given that no fluid intelligence measures were collected.
Another possibility is that a larger interference effects in older adults reflects reduced conflict-monitoring efficiency. Older adults may be biased toward using a familiarity-driven "match" response over a recollection-driven "mismatch" response for new items (lure trials) in a recognition test (Botvinick et al., 2001; Szmalec et al., 2011) . Because familiarity lacks contextual specificity, this might give rise to uncertainty and conflict. This idea relates to several findings showing impaired recollection and preserved familiarity in aging (Koen & Yonelinas, 2016; Prull, Dawes, Martin, Rosenberg, & Light, 2006) . Although our results might be interpreted in terms of the recollection-familiarity distinction, it has been proposed that older adults unnecessarily encode concurrent distracting items that are carried forward in a way that affects performance on later tasks (Biss, Campbell, & Hasher, 2013; Campbell, Hasher, & Thomas, 2010; Thomas & Hasher, 2012) . Moreover, it has been suggested that performance facilitation of target items, compared to nonfamiliar negative items, in older adults indicate a stronger reliance on familiarity and that this could, at least partly, explain increased interference in older adults (Schmiedek et al., 2009 ). However, this interpretation is difficult to reconcile with the current results, because facilitation was found in only younger adults, who supposedly rely less on familiaritybased decisions than for older adults, as indicated by their being less affected by interference in general for all lure trials.
We would like to highlight two important respects where our study differs from the known literature. First, we covered a more extensive temporal window, whereby age differences in conjunction with PI could be accurately determined. Although older adults were still affected by interference from the most distant lures, the current study allowed us to capture the duration of PI for younger adults, while extending previous findings by showing that interference for older adults is surprisingly robust up to 40 s. Second, all stimuli were repeated in a controlled manner (twice being maximum) and thereafter never shown again. This allowed for greater lure-trial specificity, due to each newly presented word's being completely unique, extracting a truer contrast between unique items and repeated items. This could partly explain the modest PI effects in related work (e.g., Schmiedek et al., 2009) , where a limited number of stimuli were repeated multiple times throughout the task. The current results also point to a potential risk in using repeated stimuli in a WM task due to the long-lasting influence of PI, in particular when testing older adults.
The use of an N-back task as a measure of WM deserves some commentary given prior research showing a weak relationship between this task and other WM measures (Jaeggi, Buschkuehl, Perrig, & Meier, 2010; Kane et al., 2007; Redick & Lindsey, 2013) . However, closer examination of the psychometric properties of the N-back task reveals that both span tasks and N-back correlate highly and are valid measures of WM (Schmiedek, Löv-dén, & Lindenberger, 2014) . Furthermore, N-back is useful for experimental WM research by accounting for interindividual differences in higher cognitive functions (Jaeggi et al., 2010) , such as interference resolution. It should be emphasized, however, that the focus of the present study was not pertaining to WM span. The N-back was primarily used to induce familiarity-based interference at prearranged distances. Future studies are clearly needed to investigate whether the temporal properties of interference and age effects in WM as specified in the current study also extends to This document is copyrighted by the American Psychological Association or one of its allied publishers.
other WM tasks in which familiarity-based interference is present, such as the recent-probes item-recognition task. We show here that PI was present for proximal lures and that this effect was greater in older, compared to younger, adults. Whereas PI was similarly reduced with increasing lure distance for both age groups, only older adults showed an interference effect for the most distant lures. Control mechanisms in WM, specifically interference control, are therefore expressed not only in the differences in PI effects but also in the prolongation and duration of this effect. These findings are also in line with the idea that age differences in inhibition are more evident for interfering stimuli that have to be retrieved into the focus of attention, as opposed to interfering stimuli that are already presented into the focus of attention, for example, Stroop-and flanker-like tasks (Lustig & Jantz, 2015) . All in all, the current results add new insights into temporal aspects of interference in WM and highlight a novel component linked to impaired interference control in aging.
